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. A multi-faceted program of applied research has been undertaken in
collaboration with the Ministry of Bealth of Chile intended to lead to’
control of endemic typhoid fever in Santiago, Chile. Information derived
fram these studies is directly applicable to the prwentim of typhoid
bfever in United States military personnel deployed in endemic areas.
During the past wntract year, activities that were emphasized include:

1) Maintenance of prospective epidemiologic and bacteriologic surveillance

in three large-scale field trials evaluating the efficacy of Ty2la live

oral typhoid vaccine given in various formulations immmization

schedules.

2) Epidemiclogic studies to aacertain the mocdes of t‘ransmissionlof typhoid

fever in Santiago, Chile to identify intervention points.

J) Bvaluation of a highly specific seralogical assay that measures Vi.

mtibodyasascremingtestto&tecttltpmofdumic.mua

tyrhi carriers in epidemiologically important populations such as
 foodhandlers. : |

FIELD TRIALS WITH Ty2la

Results of the large-scale field trials of Ty2la involving 456,000 _
Chilean schoolchildren show that an enteric-coated capeule formulation is ' for Z

. o . Crer
significantly superior in efficacy to a gelatin mmule/ﬁaﬂ:)3 TARB ! 0
fornulation (Area Occidente trial). One dose of vaccine in enteric-coated '\.w.'f'cc" 4

capsules provides only low levels of short-lived protection while the

moderate (65%) protection conferred by two doses lasts for only two years EEE
and drops to insignificant levels thereafter (Area Norte trial). Three Co
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baescflyzlainmteric-coatedéq:axlesgivenwithinaemkptwides

.&hrate protection (65%) for at least two years (Area Occidente trial).
There was no increased efficacy when the three doses of either :
enteric-coated capsules or gelatin capmle/!hm)3 formilations of Ty2la
" were given with intervals of 21 days between the doses. Four doses of
Ty2la vaccine in enteric-coated capsules provide significantly superior
protectian than three doses (Area Sur and Central trial). The live oral
typhoid vaccine Ty2la did not cause adverse reactions.

EPIDEMIOLOGIC STUDIES OF THE ENDEMICITY OF TYPEDID PEVER IN SANTIAGD AND

A SEROLOGIC SCREFENING TEST FCR IDENTTIFYING CHRONIC CARRIERS |

Epidemialogic studies were undertaken in Santiago, Chile, where
typhoid fever is endemic in school age children, to detemmire the
prevalence of typhoid carriers in focdhandlers in schools and to assess
their possible role in trarﬁnission of Salmonella typhi. Bacteriologic

and serologic (Vi antibodies) tests identified one chronic 8. typhi
carrier among 177 foodhandlers examined. Although a survey among the
foodhandlers am'aed poor knowledge of the cause and modes of tranemission
of typhoid, and fingernail cultures of 77% yielded coliform bacteria
(suggesting poor personal hygiene), there was no evidence that the annual
incidence of typhoid was higher in the school with the carrier (2.9 cases/
103 children) than in schoals which had no carriers among their
foodhandlers (2.6 cases/10° children). These data suggest that schoal
food handlers éu'e not important m méintainirg the endemicity of typhoid
in Santiagc, which agrees with the observation that most transmission

occurs in summer when schools are not in session,




For the protection of hmmman subjects the investigator(s) have adhered to

policies of applicable Federal Law 45CFR46.
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I. INTRODUCTION

Typhoid fever which remains endemic in many less—developed regi&rs of
the world poses a potential health risk for travelers fram industrialized,
sanitized enviroments who visit such endemic areas. Consequently, for
United States military personnel who are stationed in less-developed areas
or must be prepared at short notice to operate inlless-develcped areas of
gecpalitical inportam;e, typhoid fever represents an important potential

‘health risk. The current vaccine utilized by the U.S. military forces to |

prevent typhoid fever, an acetone-inactivated preparation of whole
Salmonella typhi inoculated parenterally, requires at least two doses

given several weeks apart to immmize and causes high rates of significant
adverse reactions. Therefare, a high priority has been given to
identifying alternative typhoid vaccines that will provide signi ficant
protection wit!mt;. causing notable adverse reactions.

In areas where typhoid fever is endemic, the prevalence of chronic
gall ‘bladder carriers of S. typhi is often quite high. Thus, a B
particularly onercns risk of transmission of typhoid fever to U.S.
military persomnel in less-developed areas comes from foodhandlers in the
md.tgenms population who may be chronic tygm.d carriers and who |
unknowingly are involved in preparation of food. Under tlme circum
stances, urwittingly, the potential exists for large epidemics to.occur.
Furthermore, the size of the inocula of S. typhi present in food vehicles
may be sufficiently high to overcome the protective efficacy of the “
current acetme—inactivated parenteral vaccine. Consequently, é simple,
practical yet sensitive and qaeciﬁic screening test is required to screen
large graups of individuals for the presence of suspected chronic typhcid

' carriers.



. Dependents, including children, who accampany U.S. military personnel
stationed on tours of duty in less-developed countries must also be

protected against typhoid fever. In young children the subject of adverse
reactions to the current parenteral typhoid vaccines in even more
pertinent.

For the past several years, the Center for Vaccine Development of the
University of Maryland School of Medicine has conducted an applied
research program on the control of typhoid fever in Santiago, Chile, a
highly endemic area. During the past two years, the program has, in -
particular, concentrated on field studies with Ty2la live oral typhoid .
vaccine, the development of imroved serologic screening tests for the
chronic typhoid carrier state, the identification of ‘inptoved non-surgical
methods to treat chronic carriers, and initial evaluations of Ty2la |

' vaccine in infants and young children (representing the.first experiences

with this vaccine in children less than six years of age). Result of
these studies have direct relevance for improved prevention of typhoid

fever in U.S. military persomel .

' II. PIELD TRIALS OF EFFICACY OF LIVE QRAL TYPHOID VACCINE TY2la

A detailed summary of the results of three separate contralled field
trials of the efficacy of Ty2la vaccine in involving more than 450,000
echocl children in Santiago, Chile is contained in APPENDIX A.

ITII. EPIDEMIOLOGIC STUDIES OF THE ENDEMICITY COF TYPHDID FEVER IN SANTIAGD

AND A SEROLOGIC SCREENING TEST FOR IDENTIFYING CHRONIC CARRIERS

In Santiago, Chile, where typhoid fever is highly endemic, the
mmdenoe of the disease is highest. in school 'age children. However, the
8




disease is largely confined to the warm months of theyear"vzithpeak

incidences occurring in summer when children are on school holiday.
Nevertheless, a case/control epidemiologic study suggested that vhen
school is in session, some transmission of typhoid fever occurs within
schools. Accordingly, an epidemiologic study was carried to assess the
food hygiene practices masalpleofSantxag)sd\oolsaswenasto
q:ant;tate the level of knowlegge about ty[hoxd and its transmssmn held
by a sample of foodhandlers in schools. Thefoodxatﬂlerswerealso
examined bacteriologically (by two coprocultures) and ‘serdlogim;ly to
detect chronic t}ptnid carriers. The seroiogical test was a passive
hemagglutination assay using highly phrifiéd Vi antigen to measure Vi
antibody. This represents one of the first systénatic applications of
this s&reening test'in an axhnic arm.. -'H'E results of these studies are

sumnarized in APPENDIX B.
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Typhoid fever remaing an important public health problem in many

W 1egions of the world ard poses a risk for travelers from
industrialized countries who visit such regions. In virlually all endemic
aress the incilence rates for typhoid fever are highest in children 5-19 years
of age, i.e. schoolchildren. This is of potential importance in terms of
diaeasé control, since schcolchildren represent a "captive®™ population amenable
to school-based Mninum programs. Until recently, the standard vaccines
mtmdm:m@mmwmwuaormtmwm
ce11 Salmnella typhi bacteria inoculated parenterally. These parenteral
killed whole cell vaccines were shown to have variable efficacy in controlled
field trails supported by the World Bealth Organization (1,3,7,10,15,18). Two
field trials ('mgoalavia; moland) (7,18) dmxstrat.ed moderate efficacy (79-84%
protection) hut vaccine efficacy 2s low as 40% (in a trial on the island of

Tonga (15) ard as high as 90% (in a field trial in Guyana (1) were also
recorded. However, while the parenteral xilled whole cell typhoid vaccines
have been shown to provide at least moderate efficacy in field trails, they
have rarely been utilized as public health tools in control of endemic Gisease.
This is because the killed whole cell parenteral vaccines cause notable
systanié (fever, malaise) md local (erythema, induration, pain) adverse
zeactions in approximately 20% vaccine recipients (1,7,10). Comsonly these
adverse reactions are of sufficient severity to put the effected individual to
bed for a day or two. ,

'Anlinportant advance for the potent'ial control of typhoid fever was the
development by Germanier and Furer (5) of an attenuated strain of S. typhi,
Ty2la, that can be utilized as a live oral vaccine. In preliminary studies in
aaqult volunteers in North america the vaccine strain was shown to cause no

adverse reaction {in marked contrast to the parenteral killed whale-cell
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vaccinies), to be genetically stable, and to significantly protect against
experimental infection with an inoculum of pathogenic S. typhi (6) that caused
typhoid fever in 53% of control volunteers.

Based on these highly encouraging cbesrvations in adult volunteers, the
Ty21a vaccine was evaluated for efficacy by Wahdan et a1%1% in placebo-
controlled, rankmized, double-blird field trial in 32,388 6-7 year ald school-
children in Alexandria, Byypt. Three doses of Ty2la vaccine (1-3 x 10°
viable organisss per dose) or placebo wre given tc the children on Monday,
Myaﬂhidayotanve&. Pricttoh\gest.’..xx'ofvaouhnorplmebo,
children chewed a tablet containing 1.0 gm of NaEOU® (to neutralize gastric
acid). Each dose of lyq:hhized vaccine was contained within glass vials in
vacuc. The vialu were opened, the vaccine reconstituted in the field with
diluent and the vaccine suspension given to the ch’'d a few minutes after the
child ingested the NaB(D® tablet. In this field trial the vaccine was as
safe uyin North Peerican a.hits; no adverse reactions were attributed to the

" vaccine.

During the 36 month period of surveillance in Alexandria vaccine efficacy
was 96% (Table 1) (16). The annual incidence rate in t.he placebo control group
was 44-50 confirmed cases per 10° schoolchildren (Table 1), and incidence
rate markedly lower than that found in many other areas were t'y.pmid fever is

Shortly after the Bgyptian field trial established.the biological activity
and safety of Ty?la vaccine in schoolage children in an endemic areus, the
Swiss Serum and Vaccine Institute made cammercially available a formulation of
vaccine consisting cf two gelatin capsules each containing 0.4 gm of NaHOD]
ard a third gelatin capsule containing lmilized‘ Ty2la vaccine. Although

this focrmilation resembled that used in the Fgyptian field trial, it
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was clearly not identical. Despite the highly encouraging results in the first
field trial, it was cbvious that additional information had to be cbtained
befiore the Ty2la live oral vaccine could be employed as a public health tool.
Critical further questions to be answered included:
1.) Wes it possible o successfully deliver Ty2la vaccine in a formulation,
such as enteric-coated capsules, that would not remilre pretreatment with
MaH0;, thereby enchancing the practicality for mass vaccinations?
2.) Oould fewer (one or two) doses of vaccine provide a high level of
protection? |
3.) What level of protection would Ty2la veccine provide in endemic areas with
incichmn rates of typhold fever several tqld higher than Alexandria, Byypt?
4.) What is the efficacy of the formulation consisting of gelatin cepsules
containing NaB(D, and vaccine that was merketed after tho Byyptisn field
trial?
S.) Could prolongation of the interval between doses enhance the
jmmunogenicity of the vaccine? |
In order to answer these questiocns, three separate field trials of
e efficacy were carried cut in Santiago, Chile. These trials represent
collaborative effort undertaken by tln"unutry of Bealth, Santiago, Chile, the

L

Center for Vaccine Development of the University of marylard, the Pan American

T imns A
T

Usalth Organization, the World Bealth Organization, the Swiss Serum and Vaccine

 Institute and the Walter Reed Army Institute of Research.

E.
3
b, |
N
b,
b

MATERIALS AND MFTHIDS

Pilot Projects

T™wo pilots in Chile involving randomized administration of waccine oc
placebo to several hundred adults or children under double blind conditiona




establ ished the safety and immnogenicity of vaccine in this formulation. The
results are summarized in Table 2. There was no significant difference in
aiw.-m reactions in vaccinees versus placebo controls. Furthermore, the
seroconversian rate of IG class O antibody in children immnized with three
doses of enteric-coated vaccine was the same as in children who received
vaccine in milk with Nal(D, (Table 2). |

Pield Trails

The first two field trials were placebo-controlled and were initiated in
the Northern (Area Norte) and Western (Area Occidente) administrative areas of
Santiago in 1982 and 1983, respectively. The third field trial was begun in |
the Southern (Area Sur) and Central (Area Central) administrative areas of
Santiago in 1984. Santiagu, Chile was selected as the site for these fields
trials because of the combination of high endemicity of typhoid fever (the

‘annual incidence rate fram 1977 to 191 excseded 150 cases per 10°
population), an internationally-reknowned health care infrastructure (the
Mational Health Service), a strong comaitment cn the pntt.ot the Ministry of
Health towards imnovative methods to control typhoid fever, and a long history
of school-based vaccination programs. '

Only children of comsenting parents entered the suﬂis and were
randomized to the varicus cells of the trials. Remaining children of
non—oconsenting parents were also' kept under surveillance and served as
unvaccinated contact éa\trols. Wzat ion ococurred by classaroom.

| Since typhoid fever exhibits a marked seasonality (November to Ppril) in
conjunction with sumeer in Santiago, the vaccinations were limited to the cool’
months of the year (May to Octcbe_r).' Oomputer ized data files were generated
from the comleted class lists,




In the (hilean field trials only bacteriologically-confirmed cases (i.e.
isolation of S. typhi fram blood or bone marrow) were utilized in computations
of vaccine efficacy. Therefore much attention and rescurces were directed

toward bacteriologic confimmation of suspect cases. Children admitted to
anitalvithacli:umlmspicimotmidfewrlndﬂ\mC-lblmd ,
cultures and one bone marrow cult;urp. Children who presented as outpatients to
the consultorics (health centers) with nspect typhoid fever had tw blood
cultures drawn 30 mirutes apart. S. typhi and S. paratyphi A and B isclates
were sent for phage typing to the Institute of Public Health, Santiago and to
Dx. de Rowe at the World Bealth Organization Cobllaborating Center for
Fhage Typing of s.i-melh. Division of Enteric Pathogens, Central Public
Health Laboratory, London, &glaml.

Area Norte Pield Trial
Parents of 91,954 of the 137,697 schoolchildren in Area Norte gave

pemuission for their children to participate in the first field trial. These
children were randomized to one of three groups:

1.) One group received two doses of Ty2la vaccine in enteric-coated cq:sulea
(1-5 x 10? viable vaccine organisms per doee) given one week apart.

2.) A second group got ane doee of vaucine anu one dose of identioal-appearing
 placebo one week apart. '

3.) The third group received two doses of placetn given one week apart.

.The identical appearing vwcimardphcéboc@mleawmcuied {A and B)
and the vaccination and surveillance were carried cut in awble hlind fashion.
The enteric-coated capsules were intended to oliate the need for WRHOO,

pretreatment. Vaccine or placebo were deliver'ed‘ te participating childrem in
late May and early June and surveillance began on July 1, 1982,




Area Occidente Field Trial

A second field trial of Ty2la vaccine was initiated in Area Occidente in
1983. In this trial 141,127 dnildren of consenting parents (representing 96%
of all achoolchildren) in Area Occidente were randomized to ane of five groups
toreceiye: |
Group 1 - Three doses of vaccine ip enteric-coated capsules given with an
interval of two days between doses.
&apz-mmdmaot‘vacdmmaqimviﬂlminuwalot two days
between doses. The commercially available gelatin cepsule formulation was used
which consisted of two gelatin capsules each containing 0.5 ga of NaHOD; and
one gelatin capsule containig lyoptdnied vaccine,

Group 3 - Three doses of Ty2la in enteric-coated capsules with an enterval of
21 days between the doges. ,
Graup 4 - Three doses of the comercial gelatin capsule formulation with an
inteval of 21 days between the doses. |

Group 5 - Three doses of placebo given with an interval of two days between

Mass administration of vaccine or placebo was carried out between mid July
and mid September, 1983 and surveillance began on September 21, 1983.

Area Sur/Area Central Field Trail

A third field trial was undertaken in 1984 in Area Sur and Area Central '
where 248,544 children were randmizedi to receive either two, three or four
dooes of Ty2la vaccine in enteric-coated capsules with all doses Seim given
within a period of eight days. No placebo control group was included in this
trial for which surveillance began on November 1, 1984.




Results
Area Norte Field Trial

The main cbjectives of the Area Norte field trial were 'ho evaluate the
efficacy of ane or two doses of TyZlz in an enteric-coated formulatin in an
uaﬁmthemal mdtmoid fever was expected to be much higher
than in Alexandria, Egypt. The mumber of children who participated in the Area
_Norte trial (91,954) wos three times larger than in the Alexandria, Byypt field
trial. Yet the enteric-coated formulation proved to be wrf practical and ,
highly suited to mass vaccimtion As in previous experiences, the vaccine was
very well-tolerated.

' The results of almost three complete years of surveillance (33 months) are -
shown in Table 3, It is d‘.wiul.tmt the efficnqbt the vaccine varied
notably but that two doses of vfoccim always gave significantly superior
protection than one doee of vaccine. In the first two complete years of
'surveillance the incidence rates in the placebo graup, 210.9 and 141.7
cases/10%, far esceeded the rates in the Alexandria field trial.

(44-50/10%). The efficacy of two doses of vaccine correlated with age over
the 33 months of surveillance, (Table 4) being lowest in the 5-9 year old age
group (48%), intermediate in the 10-14 year age group (55%) and highest in the
15-19 year ol group (61%). - |

~ Vaccine efficacy was calculated for each three month interval within the
total 33 months of surveillance. In this analysis (Table 5), it is apparent
~ that vaccine efficacy was moderate or high (57-100%) in every three month
period except April to June 1983 and January to March, 1985 when it was 0%,
This suggests that umisual epidemiologic events were operative during those two
three month periods, such as circulation of a particularly virulent gtrain of
S. typhi or circulation of vehicle(s) of transmission containing high inocula
of S. typhi sufficient to overcome the protective effecé. of vaccine.
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~ Analysis of the phage types of S. typhi causing disease in vaccines during the

three month period of April to June 1983 showed that they did not differ from
tlmeisolatedtmplaabom:tmh, nor wai a comwon plasmid detected. These

‘&eraervatiusamagninstthetMyofahiglnyvime:trainin

mrwlatim during that period. The hypouiesis involving ingestion of
inordinately high inocula during the period of lack of vaccine efficacy camnot
be proved or disproved. ,
| During the 33 mnth period of surveillance two doses of Ty2la vaccine also |

provided 39% protection against enteric fever due to S. paratyphi B (Table 6).
This partial croes-protection is believed to be due to the fact that S. typhi °
and 8. par. msataremeo.mngen(mtigenlz)inmu)mdthe
efficacy of live Salmonella vaccines is related to their O antigen specificity
(11,12,13). | |

Even in the second year of surveillance of the Area Norte trial, vaccine
efficacy against typhoid fever was only 72% versus 96% in the Alexandria, Hgypt
field trial. Was the lower efficacy in the Area Norte trial the consequence of
fever doees? Or a different formilatic? Or the many fold higher incidence of
typhoid in Area Norte? A second field trial was initiated in Area Occidente in
an attempt to answer same of these questions. |

Area Occidente Field Trial -

Analysis of the results of the fitst: year of the trial in Areé Norte

prampted initiation of a second placebo-controlled, randomized trial in

Santiaq: Area Occidente was selected because it is cmtigms to Area lbtte
and the two administrative areas closely resemble ane another in demography,

. sociceconomic level and health care infrastructure. The 141,127 participating

children of consenting parents were randmized into five groups. Results of
the first 18 months of surveillance are shown in Table 7. In the first 12
months of surveillance the incidence in the placebo group was 126 confirmed



oases per 10s schoolchildren, a rate t.hree—fold higher than Alexandria, Hgypt
and very similar to the incidence rate (141.7/105) in the placebo group in
the Area Norte field trial during the save calender period.

In the Area Occidente field trial children ceceived three dcaes of Ty2la

vaocine as in Egypt. Children received vaccine either in entenc-ooat:ed
ﬁor-ﬂationor mﬁ\ewlatmm;sule/mm:, formulation and the three doses
were administered either with an interval of two days or 21 days between doses.
This design allowed a comparison of the formulation used in the Area Norte.
triai (enteric-coated capsules) with a formulation that includes pretreatment
vith Na(D, and thereby resembles (although is not identified to) the |
formulation used in Byypt. ' ' .

The enteric-coated formilation gave 62% efficacy when vaccine was given
with an interval of only two days between the doses and an. almost identical
efficacy (59%) when the interval between doses of enteric-coated capsules was
extended to 21 days. | |

In contrast, the gelatin capsule/NalCO, formulation gave very poor
protection whether given m intervals of two days (18% protection) or 21 days
(30%) betweeen the doses. 'me.differeme in incidence rates between recipients
of enteric-coated vaccine by either immnization schedule and recipie'ms of the
gelatin capsule fomnlation (by either immumnization schedule) is hlghly
significant (p<0. 0004).

Results of the Area Omideite field trial showed a clear-cut superiority
Of the enteric-coated formulation over the gelatin capeule/NsHOD, formula-
tion. The trial also demonstrated that increasing the interval between the
doses tn 21 days cmférred no advantage. This trial has provided necessary
information regarding how to utilize Ty2la vaccine as a guhlic health measure:
three doses of the enteric-coated formulation given within one week provide
moderate (60%) efficacy againat typhoid fevsr in an area of high endemicity
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without causing adverse reactions. The étitical questions of the dxratim of
immunity conferred by Ty2la in enteric-coated capsules will be answered by
maintaining surveillance in the Area Occidente and Area lb;te field trials for
a period of five to seven years.

Area Sur/Area Central Field Trial

lmﬂxesecaﬂyaaroflmﬂhrveinmmréetmdoeesofenteric—
coated vaccine given one week apart provided 72% protection when the incidence
rate in the placebo control graup was 141.7 per 10°. During the same
dxmno]ogicnl period in ‘Area Occidente (which closely resembles Area Norte),
three doses of enteric-coated vaccine given within one week conferred 74;
protection when the incidence rate in the placebo control group was 122 per
' 10°. Over 33 monthe and 18 months of surveillance, reepectiveiy, two doses
of enteric-coated vaccine gave 548 protection in Area Norte, while thre: doses
. gave 62% in Area Ocridente. These results suggest that there may be little
difference in the p:otecﬁim conferred by two or three doses of enteric-coated
vaccme. H:véver, this conclugion cannot be fairly drawn by camparing results
from two separate trials. Only a direct comparison with randomization of
- groups can provide a proper answer. Accordingly, é third field trial was
iundertaken in Area Sur and Area wnttal of Santiago in 1984 where 248,5'44
'dlildra\ were randomized to receive two, three or four doses of enteric-coated
vaccine with all doses being given within a period of cight days. Surveillance
began on November 1, 1984. There was not a true rarihnized placebo control
group in study. The unvaccinated group comprises children who were abeent at
"the time of the initial vaccination and who were then held ineligible fram
further participation. These children are included in this analysis in order
to obtain some measure of absolute vaccine efficacy. In the previous two
trials there was no significant djfference in attack rate bétween'taxﬂunized

placeto controls and unvaccinated controls.



Prelixinary results of nine months of surveillance in this field area are
shown in Table 8. Although preliminary, the data already show that four doses
of vaccine give significantly greater protection than two doses; furthermore,
the trend suggests that four doses are superior to three doses of vaccine. The
data also suggest that four doses of vaccine were giving moderate protection

even when two or three doses were not.

DISCUSSION

' Parenteral killed whole cell typhoid vaccines are efficacious but cause
unacceptable adverse reactions (1,3,7,10,15,18). Oral killed whole cell
vaccines cause no untoward reactions but are not protective (2). Thus, live
oral Ty2la vaccine, which is efficacious without causing adverse reactions,
represents a major breakthough in immunization against typhoid fever. A
preliminary field trial carried aut by Wahdan et al (16,17) showed that under
some conditions three doses of Ty2la vaccine can provide outstanding (96%)
efficacy fur at least three years. However, the formulation utilized in the
Alexandria field trial was a one time affair that was not amenable to large
scale production nor vas it practical for maso vaccinations. Furthermore, the |
mnnlimideweoftypnidfeverintleantrolgrwpinﬂexmﬂriawas@l |
below rates encountered in most typhoid-endemic areas and it was critical to
assess the efficacy of Ty2la in a site with a more potent force of ihfectim.

A series of three large-scale field trials carried cut in Santiago, Chile

has brought Ty2la vaccine to the point where firm recommendations can be made
for its use in control of endemic typhoid fever. From these trials it was
learned that an enteric-coated formulation which is highly practical for mass
immunizations of schoolchildren is significantly superior to a formulation
consisting of gelatin capsules that contain lhmo3‘and vaccine. Poor
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protection with the gelatin capsule formulation has also been reported in a

retrospective study in Swiss travelers by Eirschel and Vtxthrit:h.]'6

also been lsarned that doses of vaccine need not be widely spaced and that two

It has

'uﬂmreedoees,mt'mtaedme,ofmterimtedvacdmmmfetcim

60% protection. The field trial initiated in Area Sur and Area Central in 1984
will determine whether there is a significant difference in the protection
conferred by two, three or four doses of vaccine. Contimued surveillance in
the field trial areas is being maintained to answer the question of duration of
efficacy. ‘

A sobering cbeervation made in the first field trial of Ty2la in Chile is
that under certain epidemiologic conditions the protective effect of two doses
ofl'ﬁ]a vaccine can be overcome. Studies by Hornick et al (9) in valunteers

' showed that the efficacy of two parenteral killed whole cell typhoid vaccines

was related to the challenge inoculum ingested. When a dose of pathogenic S.
typhi was ingested that caused typhoid fever in 25% of control volunteers,:
vaccine efficacy was circa 79%. However, when a 95% infectious dose was
ingested, vaccine efficacy dropped to 25% in the volunteers. It is qonceimhle
that the lack of vaccine efficacy encountered during the three month penods of
April to June to March 1985 was due to ingestion of unusually high inocula.

The immmologic mechaniams by which Ty2la protects are just beginning to
be intensively studied. It is believed that cell-mediated immmity is most

'czitical. Currently, studies are in progress measuring the cell-nediated

immune response to Ty2la vaccine to allow documentation of a vaccine “take™.
This is an important area of imvestigation because sxbﬂe changes in
formilation, dosage, immmization schedule, etc., can effect immmogenicity and
it is not feasible to carry cut a large-scale field trial each time such a




=14~
modi fication is sade. So a relisble amd predictable assay is being sought to
correlate imme response with protection.

In a period of 12 years from the first administration of TyZla to
volunteers in 1973, the vaccine has reached the point of being ready for use in
public health. The vaccine strain has been shown to be safe, protective, and.
amenable to mass vaccination when formulated in enteric-coated capsules.
Certain other attenuated S. typhi strains, such as auxotrophic mitants (14),
have been prepared by more precise genetic manipulations leading to defined
genetic deletions. Whatever attenuated strains come to be the most frequently
used vaccine of the future, it is Ty2la that has served as the pathfinder and
prototype in demonstrating the attritutes and advantages of live oral typhoid
vaccines unier field conditicns.

D)
[




. Acknowledgements

These studies were supported by grants fraa the World Health Organization
and the Fan American Bealth Organization and by research contract
DAMD17-81-C-1115 from the U.S. Army Medical Research and Development Command.




LITERATORE CITED

1.

2.

3.

4.

5.

6.

Aahcroft, M.T., McrisonRitchie, and C.C. Mitholscn, 1984. Controlled:
field trial in British Guiana schoolchildren of heat-killed phenolized and
acetone—killed lycphilized typhoid vaccines. Am J Byg 79:196-206.
Chuttani, C.S., K. Prakash, A. Vergese, U. Sharum, P. Singha, B. Ghosh
Ray, and D.A. Agarwal. 1972. Controlled field trials of oral killed
typhoid vaccines to India. Int J Epidemiol 1:39-43.

Cvjetanovic, B., and K. Usmura. 1965. The present status of field and
laboratory studied of typhoid and paratyphoid vaccines. Bull Wid Hith Org
32:29-36.

Bdwards, P.R., and W.H. Bwing. 1972. Identification of »
entercbacterizceae. 3rd ed. Minneapolis: Burgess Publishing Co..
Germanier, R., and E. Furer. 1975. Isolation and characterization of gal
E mitant TyZla of Salmcella typhi: a candidate strain for a live oral

typhoid vaccine. J Infect Dis 131:533-558. |

Gilman, R.H., R.B. mmick; W.E. Woodward, H.L. DuPont, M.J. Snyder,
M.M.Levine, and J.P. Libonati. 1977. Immnity in typhoid fever:
evaluatioh of Ty2la - an epmeraseless mutant of S. typhi as a live oral
vaccine. J Infect Dis 136:717-723. . |
Befjec, L.B., L.V. Salmin, H.Z. Lehtman, M.L. Kuzainova, A.V. Vasileva,
L.A. Levinna, T.G. Bencianova, E.A. Pavola, and A.A. Antonova. 1966. A
contralled field trial and laboratory study of five typhoid vaccines in
the USSR. Bull WHD 34:321-329. '
Hirschel, B., and R. Wuthrich. Ty2la typhoid fever vaccine is not
efficacious in Swiss travélersf Paper presented in a workshop on typhoid
fever. XI. International Congress for Tropical Medicine and Malaria.
Calgary, Alberta, Sept. 20, 1984.




i
+

9.

14.

16.

Bonick, R.D., S.E. (reisman, T.E. Woodward, M.L. Dupont, A.T. Dekins, and
.J. Snyder. 1970, Typhoid faver: pathogenesis and imsunologic control.

W Eng J Med 283:686-691, 739-746. |

Polish Typhold Committee. 1965. Evaluation of typhoid vaccines in the

laboratory and in a contralled field trial in Poland. Bull WED 32:15-27.

.nc'bettsm. J.A., C, Possum, B.B, Svenson, and A.A. Lindberg., 1962,

Salmonella tyrhimurius infection in calves: specific immne reactivity
agm-t O-antigenic polmidn detectable in is vitro assays. Infect

" Ismun 37:728-736.

Robertsaon, J.A., A.A. Lindberg, 8. Hoiseth, and B.A.D. Stocker. 1963.
Salsonella typhimurium infection in calves: protection and survival of

virwent challenge bacteria after immmization with live or inactivated
vaccines. Infect Iman 41:742-750.

Rober{sson, J.A., S.B. Svenson, and A.A, Lindberg. 1962. Salmonella
typhimurium infection in calves: delayed specific skin reaction directsd
against the O-antigenic polysaxcharide chain. Infect Imsm 37:737-748.
Stocker, B.A.D., S.K. Hoiseth, and B.P. Smith. 1963, Arcmatic-dependent
Salmonella sp. as a live waccine in mice and calves., Develop Biol
Standard 53:47-54.

Tapa, S., and B. Cvjetanovic. 1972. Controlled field trial on the
effectiveness of one and two doses of acetone—inactivated and dried
typhoid vaccine. Bull Wid Hlth Org 52:75-80. |

Wahdan, M.H., C. Serie, Y. Cerisier, S. Sallam, and R. Germanier. 1982.

A controlled field trial of live Salmnella typhi strain Ty2la ocal
vaccine against typhoid: three year results. J. Infect Dis 145:292-296.




17. wahdan, M.H., C. Serie, R. Germanier. A. Lackany, Y. Cerisier, M. Guerin,
S. Sallam P. Geoffrey, E.L. Sadek, A. Tantavi, and P. Gueary. 1960. A

controlled field trial of live oral typhoid vaccine Tyzla. Bull Wid Kith -
‘o:g 58:569-474. | '

Yugoslav Thphoid Commission. 1964. A cuntrolled field trial of the
effectivenses of acetone—dried and inactivated and heat-phenolinactivated
typhoid vaccines in Yugoslavia. Bull WHD 30:623-630, 1964.




Table 1
Pield trial of efficacy if three doses of a liquid formulation of Ty2la wvaccine

given with hosixarﬂsevmyeuoldndigddiudreninnmﬁria.
Kypt. Results of three years of surveillance.
Annual
Year of Confirmed cases Lndthgce Vaccine
chbeervation ol typhoid fever per 10 efficacy (%)
1978-1979,, Ny
vaccinees . 0 0
c 100
placebo 7 “
19791960 -
vaccines 0 0
100
placebo - 8 ‘ S0
1960-1981
vaccines 1 6
86
_ placebo 7 “

%, Mehdan et al. J Infect Dis 145:292, 1962.

D16, 406

Cre15,902



. Table 2
Randomized, placebo-controlled, acuble blind clinical t of three doses

|
|
!
I
!

5
{
!
i
|
]
{
!
i

of Ty2la in enteric—coated or in milk with or placebo
to assess reactogenicity and i-.xmgenicit.y
Children
vaccine
Adults Enteric in milk’
. ‘ coated with . - ‘
5 Vaccines Placebo vaccine NaHOO® Placebo
Adverse Reactions (384) _{(367) ' _(172) (165) 172
Abdominal pain 4.9 2.5 6.4 1.5 17.4
Diarrhea 1.8 1.1 1.2 6.0 9.9
Vomiting 0.5 : 0.3 2.3 7.3 11.0
Fever 0.3 : 0.5 0.6 1.2 0.6
Beadache ’ 4.7 . 3.8 ) ND ND
Skin rash 0.5 0.5 o o ND
O antibody
-erowmersim ' ND ND 53 57 . 0

% adverse reactions oocurred significantly sore frequently in
vna:ineu than placeho contrals.

hkrcmt positive of total individuals in the group.
Mot determined.
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 ABSTRACT

In Santiaéo, Chile, an area hyperendemic for typhoid fever, the peak
incidence occurs in schoolchildren. Although typhoid fever is most common

during sunmer when children are on school holiday, children are nevertheless

in school during a portion of the typhoid season. Previous epidemiologic
studies (Black R et al., Bulletin of the World Health Organization, in press)
have identified cating lunch in school and sharing lunch at school with
classmates as significant risk factors for develcpment of typhoid fever.
Accordingly, we undertook epideniologic studies in schools of foodnandlers.

These included:' 1) a search for chronic Salmonella typhi carriers (by two
stool cultures and Vi sérology); 2) assessment of the knowledge of
foodhandlers regarding modes of transmission of entl:eric infections 3)
quantitation of the personal hygiene of foodhandlers using the presence of
coliforms or fingernail cultures as a marker.

| Of 137 foodhandlers who had stool cultures, only one (0.7%) S. typhi
and one S. paratyphi B carriers were found. Fifty-eight % of foodhandléts
were unaware of how typhoid fever is spread. Coliforms were cultured fram 79

of 103 school foodhandlers (77%) but ,,fran only 15 of 92 (16%) controls with

" other occupation (p<0.001), suggesting a poor level of personal hygiene. The

general condition of school kitchens required improvements: 25% had evidence

~of mice, 333% had flies, 12% of bathroams had no soap or towels.

In summary, although levels of hygiene were faculty in kitchens and

among foodhandlers, chronic S. typhi carriers were rare, school foodhandlers

cannot be incriminated as an important source of spfead of S. typhi.
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In Santiago, Chile, typhoid fever has surprisingly remained endemic
over the past 15 years (1-4), despite marked improvements in sanitary
conditions wherein 94% of households now have chlorinated, bacteriologically
monitored drinking water and 75% are connected to the municipal séwetage
system (5,6). The age group affected is 6-19 years, i.e. the schoolchild,
but the peak incidence of typhoid occurs in January and February when
children are on summer holiday (1-4). |

In recent years in Chile it has been taught that the main mechanism of
transmission of typhoid infection inwolves a chronic carrier directly
contaminating food vehicles (2,7). However, several recent epidemiologic

studies that have attempted to confirm this mode of tranamission have, with,

rare exceptions, failed to detect chronic Salmonella typhi carriers in the‘
households of index case schoolchildrén (6,8). The cbservations made in
these previous studies (6,8) suggested that in school age d:ildtm the
consumption of contaminated vehicles must be occurring mainly outside the
household. Although most typhoid fever transmission occurs while children
are on holiday from school, among the risk factors for typhoid fever }that
were implicated in a case/control study (8) in Santiago were: l.) sharing
foods at school with classmates; 2.) eating lunch at school.

Acco;dingly we undertook étudies of the sources of fooxd consumed by
children in Santiago schools and of the hygiene associated with food
prlepar‘ation and distributica. The specific objectives of the study included:
1) To defermine the school-related sources of food for schoclchildren in a
representative sample of Santiago schools.

2) To identify foodhandlers within the schocls as well as those on the
street in front of the school and to determine their knowledge of the causes

and modes of transmission of enteric infection.




4) To measure the prevalence of chronic carriers of S. typhi and S.

paratyphi among school foodhandlers and relate this to the school-specific
incidence of typhoid fever.
MATERIALS AND METHCDS

Since 1964 there has existed a school feeding program in Chile which
provides free food to 6~14 year ,oid schoolchildren of the lower socioceconomic
level.. Fram the total of 703 schools in Santiago that receive such’
"assistance, we randomly selected 77 (11%) of the schools for study; the
sanpie was stratified by counties.

Health Inspection of Kitchens

Two trained public health nurses visited the selected schools and
petforméd a systematic health inspection of the kitchens,
Identification of Foodhandlers

The nurses registered and interviewed all persons who were inwolved in
food preparation for the schoolchildren, Qhether in the school kitchen, or
food kic ks, (these are amall booths found in many schools where candy,
ocockies, soft drinks, and occasionally, sandwiches are sold). Street vendors
found within 100 meters of the entrances of the schools were also registered.
A questionnaire was administered to all the foodhandlers to obtain
information regarding a past history of typhoid fever and to assess their
basic knowledge of enteric diseases and their transmission.

Bacteriologic and (SerOIbgic Studies in Foodhandlers

Tor those foodhardlers who were directly involved in the preparation
of fuod (all kitchen workers and those food I;ciosk workers who prepared
sandwiches) the following bacterioligic studies were performad: |

a) Stool cultures to identify Salmonella:

- TWO stool sanplés were taken every other day and transported .in Cary

Blair transport medium to the Institute of Public Health where they were




cultured for Salmonella and Shigella by standard methods (14).

b) Fingernail cultures for enteric bacteria as a measure
of personal hygiene: }

- Prom a randam sample of foodhandiers, cultures were obtained by direct
‘impression of the fingers onto a MacConkey's agar plate ( a differential medium
| for identifying enteric bacteria).

In order to beéter help determine the significance of the observations, we
also cultured the fingernails of a control group camnposed of persons of
comparable age, sex, and economic level but with different esployment.

¢) Serology to detect chronic typhoid carriers: '

One blood sample was cbtained to determine the levels of serum antibodies -

to the Vi aht:igen of Salmonellla typhi, a sengitive and specific screening test to
detect chronic typhoid carriers. Vi anti‘bodies were measured by passive
hemagglutination technique using highly purified Vi antiqer; (kindly provided by
Dr. John Robbins, Bethesda, Md.) as previously described (15,16).

RESULTS

Health Inspection of Kitchens

_ In general, the physical envirorment and facilities .in the school kitchens
were adecuate and a high standard of cleanliness was evidené. However ,
deficiencies or substandard conditions were noted in same schools: in 25% of the
kitchens the presence of mice was detected and in one-third, house flies:; anly |
one kitchen had an adequate garbage disposal system; in 12% of the bathrooms used

by the kitchen staft there was no scap or ‘cwels.

In the 77 schools visited, 167 individuals were identified who prepare cr
dispense food; 121 (73%) worked in the school kitchen and 35 (21%) in shack

kiosks. In addition 11 street vendors were identified, all near the
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entrances to the schools. The ages of the food handlers, 98% of whom were wamen,

ranged from 17 to 69 years (Table 1); 6% gave a past history of typhoid fever.
Among the food handlers, 40% had previously participated in a food hygiene
course. When asked about enteric infections, }95% of the foodhandlers answered
correctly that typhoid is contagious but only 25% knew the modes of tranamission
and only 7% correctly described methods to prevent the spread of typhoid fever.

- Personal Hygiene of Foodhandlers

With respect to perscnal hygiene, it was observed that only S0% of foodhandlers
had short, clean fingernails. Of the 137 food handlers involved in food

- preparation (121 kitchen and 16 food kiosk workers), it was posaible to culture

the fingernails of a random sample of 99. Of these 99 (84 kitchen and 15 kiosk
workers), 79 (80%) grew enteric bacteria. Ih' contrast, enteric bacteria were
cultured from the fingernails of only 15 of 92 office workér controls (16%)
(p<0.001). Since salad vegetables cultivated in the metropolitan Santiago area
are known to be heavily contaminated with enteric bacteria as a consequence of
irrigatioﬁ with raw sewage (17), such vegetables could be responsible for
contaminating the hands of foodhandlers. Therefore the frequency of use of fresh
salad vegetables in school lunch program was investigated. It was found that

“uncooked salad vegetables (such as lettuce or celery) are never included as part

of the school lunch provided by the feeding program in Santiage schools. Thus
foodhandlers did not manipulate raw salad vegetables with their hands in school
kitchens.

Detection of Typhoid Carriers

All 137 foodhandlers who prepared food had stool cultures. Salmonella

were dezected in only two individuals (1.5%). Salmonella typhi was recovered

fram the stool culture of a 38 year old women who had been hospitalized for




typhoid fever in 1981, while from another healthy 43 year old waman, who gave no

past history of enteric fever, Salmonella paratyphi B was isoclated. From a

third healthy 59 year old woman Shigella sonnei was cultured.

The serologic screening test for chronic typhoid carriers was performed on
sera of 136 of the 137 foodhandlers who prepared food' (16). -
Two women had elevated reciprocal titérs of 80. One corresponded to the

Salmonella typhi chronic carrier who was also detected by stool cultures. The

other elevated Vi titer belonged to a 30 year old woman who had four negative
stool cultures and refused further bacteriologic examination,

School-Specific Incidence of Typhoid Fever

" In order to assess the epidemiologic importance of the detection of
chronic carriers of S. typhi and S. paratyphi among foodhandlers, the ihcidence

of bacteriologic proven cases of typhoid fever as compared between the school
with f.he chronic S. typhi carrier and 7 other schools, of the same county, whére
no. carriers were found among the foodhandlers. For this anaiysis we selected the
period September 1983 to January 1984 when all these schools were under the same
typhoid fever surveillance system. In the 'sevenz schools without known chronic
carriers, 10 cases of typhoid were d:nfim\ed among the children at risk, a rate
of 2.6 per 1000. This rate closely resembles’ thét in the school with the
detected chronic typhoid carrier foodhandler (2.9 per 1000), (Table 2).
DI'SCUSSI(N

The. modes and vehicles of transmission of S. typhi in endemic areas are
' multiple and camplex, making their identification notoriously more difficult than
in the investigation of outbreaks of typhoid fe;ver in non-endemic areas. Since
typhoid fever has its highest incidence in school age children in Santiago,
Chile, it behooved us to investigate fcod hygiene and foodhandlers, even though

the highest incidence of typhoid fever occurs while children are on school




holiday. This was also indicated since folklore in Santiago has traditionally
incriminated street vendors who sell snacks in front of schools as being
important in the transmission of typhoid fever.

The systematic study of school kitchen hygiene and of foodhandlers has

' ,‘ provided same notable cbservations. For the first time there has been provided a.

clear elucidation of the number and type of food-handlers who impinge upon
children in typim.l' Santiago schools. Surprisingly, street vendors were found to
handle mostly packaged foods, (candy, etc.) that must be considered at low risk
of contamination. The general level of hygiene in school kitchens was high.
However, foodhandlers were found to have "poot knowledge of the modes of
transmission oﬁ typhoid fever and means to prevent it, mrthennore, ‘a large
proport'ion of foodhandlers had balcteriologic evidence of fecal contamination of

their hands as determined by fingernail cultures yielding coliform bacteria.

The Vi serology successfully detected the one chronic S. typhi carrier who

was also detected by multiple stool cultures of each food preparer. Multiple
stool cultures are impractical, e:tperxgive and require considerable technician
time to process. The Vi serology, in contrast, is inexpensiv_e, éensitive, '
spécific and amenable to screening large numbers of speci:f\ens. The result of ’
this suri;ey suggest that the Vi serclogy with purified antigen should be utilized
as an econamical and efficient screening test to identify chronic carriers of S.
typhi, reserving bacteriologic cultures for those persons with eleva}:ed Vi
titers., ' |

* Although the survey showed poor persoml hygiene by many school food
prepareré, poor knowledge of the modes of transmission of S. typhi ar&d of its
prevenktion, ard the existence of one chronic 5. typhi carrier among the
foodhandlers, there was no epidemiologic evidence that this carrier waé
responsible for any cases in the school. During the same time period and under

the same surveillance system,

I LA

A =

&
-

et xBTS 200 D

LB S S A T R T VY,




10

there was a close similarity in the incidence of typhoid fever in the s.:hool with
the carrier (2.9/103 schoolchildren) and in the seven schools without carriers
(2.6/103) (Table 2). While this appears to be true, the observations made

during this inwvestigation pevertheless warrant consideration for instituting more
vigorous daily hand-washing by school foodhandlers as well as a health educa?:ion
program to teach them the important diseases that éan be transmitted by food and
simple measures to i)revent féod—borne transmission.

In summary, the systematic investigation of food hygiene and food handlers

in Santiago schools has failed to either find a high prevalence of tybhoid

carriers or to incriminate foodhandlers as an important source of transmission of

S. typhi. This is consistent with the observation that the majority of casés of
typhoid fever in fact occurs while children are on summer miiday and thus
involves modes of transmission unrélated to schools. mtther epidemioloc_;lic.
inves;;igations will concentrate on the search for risk factors and vehicles of
transmission operative during the school holiday season. If these factors can be
clearly identified, it may be possible to institute specific interventions and

preventive measures.
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Table 1. Age distribution of foodhandlers in schools
in Santiago, Chile, 1983

No (%)
Positive for
Age Group Number of Foodhandlers (%) Bacterial Pathogens
15-19 4 (2.4) 0
20-24 - 8 (4.8) 0
25-34 31 (18.6) 0
35-44 a5 (26.9) 2" (4.4)
45-54 43 (27.7) ' ‘ 0
55-64 43 (19.2) 1% (3.1
265 3 (7.8) - 0
Unknown - 1 (‘0.6) 0
167 (100.0) 3 (1.8)

‘&
"1 8S. typhi and 1 S. paratyphi

+Q\igella sonnei
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Table 2. The incidence of typhoid fever among schoolchildren and its

relation to chronic S. typhi carriers in the school kitchens.

No. of schoolchildren

Confirmed cases of
typhoid fever

Attack rate/10°

Schools without
chronic carriers

Schools with chronic
S. typhi carriers

3348

334
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